— -^Fh e iii eiliud urtldiiu 491 , wlieitiii allowin g tfe #-'heat4 04m n ofcr^?om pT4< 
increasing a permeability of a majority of the selected section to greater than ^out 100 
millidarcy. 



526. The method of claim 491, wherein allowing the heat to transfiSr comprises 
substantially uniformly increasing a permeability of a majority o^ftie selected section. 

527. The method of claim 491 , further comprising controiling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbonyas measured by the Fischer 
Assay. 



15 
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528. The method of claim 491, wherein proc^^ the mixture comprises producing 
the mixture in a production welL and |wher^pf^ at least abput 1 heat sources are disposed in 
the formation for each production well. 



529. The method of claim 491yAirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fiemnation in a unit of heat sources, and wherein the unit of heat 
sources comprises a trjmgular pattern. 

530. The rn^od of claim 491, further comprising providing heat from three or more 
heat sour^ to at least a portion of the formation, wherein three or more of the heat 
sourc^are located in the formation in a unit of heat sources, wherein the unit of heat 
sQ^ces comprises a triangular pattern, and wherein a plurality of the units are repeated 
f o ver an area^of-the -for 
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lethod^ftreating a hydrocarbon containing formation in situ, comprising: 
providing heat from oneormoiTtTeHt-so^^=e©s4oLalj£^^ portion of the 
formation; 

. allowingjlie-he^rto^transfer from the one or more heat sources to a selected 
seiOton of the formation; and 
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*comreUing,a_ £ressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 
producing a mixture from the formation. 



532. The method of claim 53 1 , wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the t>^o heat sources 
pyrolyzes at least some hydrocarbons within the selected section ofahe formation. 



ru 



10 533 . The method of claim 531, wherein controlling fomi^on conditions comprises 
maintaining a temperature within the selected section wj;tnin a pyrolysis teniperature 
range. 

534. The method of claim 53 1 , wherein the ;2^ne or more heat sources comprise 
15 electrical heaters. 

535. The method of claim 53 1 , wh^ein the one or more heat sources comprise surface 
burners. 

20 536. The method of clainL^3 1 , wherein the one or more heat sources comprise 
flameless distributed comoustors. 



25 



537. The method^f claim 53 1 , wherein the one or more heat sources comprise natural 
distributed comb^ustors. 

538. The method of claim 531 , further comprising controlling the heat such that an 
average/neating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

539. The method of claim 531, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume {V) of the hydroxrarban-eontaining formation from the 
one or more heat sources, wherein the formation has an average heat capagityfCv). and 
wherein the heating pyrolyzes at least some hydrocarbons witfenfme selected volume of 
the formation; and 

wherein heating energy/d^y^Sfbvided to the volume is equal to or less than Avr, 
wherein Pwr is calculat^d^By the equation: 

Pwr = , 

Pwr is the heating energy/day, /z is an average heating rate of the 
fomfation, ps is formation bulk density, and wherein the heating rate is less than about 1 0 



J 



540. The method of cl 



^31, 



wherein allowing the heat to transfer comprises 



transferring heat substan^i%-by conduction. 



STT The method of claim 53 1 , wherein providing heayi^Lthfi-one-ef^o 

sources comprises heatingJbe-sel-ectea''section such that a thermal conductivity of at least 

a portiong£^5^=Sete9t^d section is greater thanabott^O^^^/(m °C). 



54: 



542. The method of claim 53 1 , wherein the produce3)niixture comprises condensable 
hydrocarbons having an API gravity of at least abm 



543. The method of claim 53 1 , whpr^in the produced mixture comprises condensable 
hydrocarbons, and wherein abptrt 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarboja^are olefins. 



544, The rp^od of claim 53 1 , wherein the produced mixture comprises non- 
condensafBle hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of th/^non<ondensab]£Jwdfeeaibuus"are olefins. 
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545. The method of claim 53 1 , wherein the pTnthiGed mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of jethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to afcout 0.15. 



546. The method of claim 53 1 , wherein the prodaced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b/y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitr/gen. 

547. The method of claim 53 1 , whereir/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbo?fs is oxygen. 

548. The method of claim 53 1/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherei/ about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comn/ise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The ra!ethod of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

551/ The method of claim 53 1 , wherein the produced mixture comprises condensable 
hyorocarbons, and w^herein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, apa wherein less than about 0.3 % by weight of the condensable 
hydrocarbons^re asphaltenes. 



^:>j. /The method of claim 531, wherein the produced mixture comprises condensable 
^carbons, and wherein about 5 % by weight to about 30 % by weight of the 
hydrocarbons are cycloalkanes. 



554: — "fhe method ot claim 1, wherem the produced mixture tuiiipiiscs a non * 
condensable component, wherein the non-co^idensabl^^ 

wherein the hydrogen is great&r-than'abouriO % by volume of the non-condensable 
componentj-and wherein the hydrogen is less than about 80 % by volume of the non- 
^condens able component. \ 



5^:>. The methoJpf claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater ^diXi about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 53 1, wherein the produced mixture comprises ammonia, and 
whereuf the ammo nia is used to, Droduce fertilizer. 



557. The method of claim|^^n^wherein the controlled pressure is at least about 2.0 bar 
absolute. 



558. Themethod of claim 53 1, further comprising controlling formation conditions to 
produce a/mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
withiiyme mixture is greater than about 0.5 bar. 



559. T'heiTTgtKo3'"orclMTn^§ j - l ^ wJierein thG - partial p f€ 
m i j ^ture i s -a^a-^Fedttcttetrweil. 



i-tbe 
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55tr FTie liieLliu}>of claim 531 , further comprising altering a pressure within the 
formation tp-if[hibit production of hydrocarbons from the formation having carbon 
numb^ greater than about 25. 




561: — Thrmethod ot claim 53 1 , wherein controlling formation condTfk 
recirculating a portion of hydrogen from the mixture into the formation^ 



O 



562. The method of claim 53 1 , further corpprr^mg: 

providing hydrogen (H2) to^lheiieated section to hydrogenate hydrocarbons 
10 within the section; an^ 

ig a portion of the sect ion with heat from hydrogenation, 

of claim 531 , wherein the produced mixture comprises hydrogen and 
' condensaJ>l^ hydrocarbons, the method further comprising hydrogenating a portion of the 
:ehsable hydrocarbons with at least a portion of the produced hydrogen. 




M= 20 



0^ 

25 



564r — The lueihud of claim 53 1, w he r ein allo wi n g theJ ieaUojransfer^ 
increasing a permeability of a majority of the selected section to greater thanjt 
millidarcy, 

565. The method of claim 53J<^^rein allowing the heat to transfer comprises 

substantially nrMfnoyrt^Tnr^ a pprmpahility o.£jjna jority of th e selected section. 

^ ' ' ' ^ 

566, — The r i i o tli o d of claim 53 1 , further comprising controlling the heat to yield greater 
than about 60/^ by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



dses.Eroducing 



567. The method of claim 53 1, wherein producing theTTTT 
the mixture in a production welL and wheisi]i,at4easra'bour7Tiea sources are disposed in 
the fonnationjbr-eaehrproduction well. 
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5SK. rhe method of claim 53 1, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the^.uhit of heat 
sources comprises a triangular pattern. 

569. The method of claim 53 1, further comprising providing jaeat from three or more 
heat sources to at least a portion of the formation, wherein thj?6e or more of the heat 
sources are located in the formation in a unit of heat source^, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a pkurality of the units are repeated 
over an area of the formation to form a repetitive pattiem of units. 

570. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat S9lirces to at least a portion of the 

formation; 

allowing the heat to transfer from tbfe one or more heat sources to a selected 
section of the formation to raise an averafge temperature within the selected section to, or 
above, a temperature that will pyroly^ hydrocarbons within the selected section; 

producing a mixture from/me formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controUillg average pressure and average temperature in the selected 
section such that^,tfie average pressure in the selected section is greater than the pressure 
(p) set fofi^n the following equation for an assessed average temperature (7) in the 
section: 



i^ted 



p = ^[-44000/7^67] 



where p is measured in psia and T is measured in ' Kelvin. 



57T rhe method of claiiirSTOr^herein the API gravity of the produced mixture is 
controlled to be greater thalfabout 30 degrees API, and wherein the equation is: 



-p = J[^l000f7^5l]^ 
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The meth0U of claim 570, wherein the API gravity of the produced mixture is 
controlled j0^e greater than about 35 degrees API, and wherein the equation is: 

p ^ ^[-22000/7^38] 

J\\e mpth Q 4 -4t r i l.i im 170 ^ Wherein Llie on e (w Mu n*e-heat-SQiirces comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat source^ 
pyrolyzes at least some hydrocarbons within the selected section of the formaJi^tC 

574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolws temperature range. 

575. The method of claim 570, wherein the one or mor^eat sources comprise 
electrical heaters. 

576. The method of claim 570, wherein the on^/ox more heat sources comprise surface 
burners. 

577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 

578. The method of claim 5/0, wherein the one or more heat sources comprise natural 
distributed combustors. 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of^tne selected section of the formation, wherein the pressure is 
controlled as a ^nction of temperature, or the temperature is controlled as a function of 
pressure. 



580. /the method of claim 570, further comprising controlling the heat such that an 
av^age heating rate of the selected section is less than about 1 °C per day during 
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58L The method of claTnTST O, wh e r e in p ro viding h e at fr -offl"tbe-ane..aUTiore heat 
sources to at least the portion of formation comprises: 

heating a selected volume (P) of the hydrocart^OFrtontaining formation from the 
one or more heat sources, wherein^heJijimaT^ has an average heat capacity (Cv), and 
wherein the heating pyrolj^es-^fleast some hydrocarbons within the selected volume of 
the formation: an^ 

whe^in heating energy/day provided to the volume is equal to or less than Pwr, 
whereiifT^wr is calculated by the equation: 

Pwr = H'^V'^C^'^Pb 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 



H, 3 



n 



15 582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



The method of claim 570, wherem provldt 



or more heat 



20 



25 




sources comprisesjieating-the^elected section such that a thermal conductivity oTat least 
a pojj^gtfoflhe-s elected s eclionlgRreater than about 0.5 W/(m °C). 



584. The method oTCtakn 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherpiff about 0.1 % by weight to about 15 % by weight of the 
condensable hydrop^bons are olefins. 

585. Tb^ method of claim 570, wherein the produced mixture comprises non- 
condefisable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of tne non-condensable hydrocarbons are olefins. 
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condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



non- 



587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when ca^oilated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

588. The method of claim 570, wherein the producecLmixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by wo^ght, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygeja^ 

589. The method of claim 570, whereii/the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarix)ns is sulfur. 

590. The method of claims 70, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aKout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compri^ oxygen containing compounds, and wherein the oxygen 
containing compoimds comprise phenols. 

591 . The i^ethod of claim 570, wherein the produced mixture comprises condensable 
hydrocarirons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5^2. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with morf" than two rings. 
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59T rhe method of claim wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^han about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



594. The methml of claim 570, wherein the produced mixture comprises condensable 
hydrocarbprfs, and wherein about 5 % by weight to about 30 % by weight of the 
condeqf^abk-hvarocarbons are cycloalkanes. 




TnHRocTorHainrSTO^^^ 
condensable component, whereir^^ comprises hydrogen, 

wherein the hydrogenjs-greater than about 10 % by volume of the non-condensable 
compong 

■component." 



wherein the hydrogen is less than about 80 % by volume of the non- 




5^, — =Rt 
wherein g 




of claim 570, wherein the produced mixture comprises ammonia, and 
"than about 0.05 % by weight of the produced mixture is ammonia. 




597./ The method of claim 570, wherein the produced mixture comprises ammonia, and 
;in the amrnonia is used to produce fertilizer. 

^Y<jSi I h?-tTiHlluwl tiPi l^iiii ^70, fMillii^c^^tf^mpqffjnp; rnntml ^^ Conditions tO 

produce a mixture of condeos^ye^iydfoc^bonrand H2, wherein a partial pressure of H2 
\Am hi^^gfiT^rei^ Rrea t^r th^n a bout 0.5 b ?^r 

a i m 570, wherein tli o puitial piessuie uf H2 is me a s uf^d wlitiu the 
^ f mixtiirf" is at ^ pfffrhTrrinn well 

J^^fe^ gOO^^TTi^ethod of claim 570, furtEefM 
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formation to inhibit gro^Ugi 
nurnfe^^£eal ^riitarraixmt= S§= 



sure within the 



ons from the formation having carbon 
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601 . The method of claim 570, wherein controlling formation conditionsj 
recirculating a portion of hydrogen from the mixture into thejj^rrfiation. 



10 



602. The method of claim 570, furth^p<:^prising: 

providing hydroggn-^HSjto the heated section to hydrogenate hydrocarbons 
within the secti 

Tortion of the iiectioil with heafTrom hydrogenatton. 




)j. The methpd^f claim 570, wherein the produced mixture comprises hydrogen and 
condensabl^ydrqcarbons, the method further comprising hydrogenating a portion of the 
propttj^^-'Condensable hydrocarbons with at least a portion of the produced hydrogen. 




tt4-. THemethod of claim 570, wherein allowmj 



3nses 



increasing a permeability of a majority of the selected section to g reater than j 
millidarcy. 




605. .^.^^hemethod of claim 570, wherein allowing the heat to transfer comprises 

yority of the selected section. 




od of claim 570, wherein the heat is controlled to yield greater than 
ght of condensable hydrocarbons, as measured by the Fischer Assay. 



25 



lethod of claim 5 70, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein^arieasI~abottt-74ieaL^^ disposed in 

the formation for each production well. 



608. The method of claim 570, furthertomprising providing heat from three or more 
heat sources to at least ^..perfion of the formation, wherein three or more of the heat 
sources are l9cat^ in the formation in a unit of heat sources, and wherein the unit of heat 
soujiGe^omprises a triangular pattern. 
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6U9: — TteTTTUThod-efU^laim^^ providing heat from three or more 

heat sources to at least a portion of the formation, vvhereinjhreejiiuiiere'^^ heat 
sources are located in the formation in a unit-aflaeatsources, wherein the unit of heat 
sources comprisesajnaoguiar'pattern, and wherein a plurality of the units are repeated 
ovej:,afl:^rea of the formation to form a repetitive pattern of units. 



6 10. Ai! !g 



img: 

providing heat to at least a portion of a h^^fecSrbon containing formation such 
that a temperature (T) in a substantial part ofP^e heated portion exceeds 270 °C and 
hydrocarbons are pyrolyzed within th^meated portion of the formation; 

controlling a pressure (p)jmlhm at least a substantial part of the heated portion of 
the formation; 

wherein p is rffe pressure in bar absolute and T is the temperature in degrees K, 
and A and B are>?mrameters that are larger than 10 and are selected in relation to the 
characteristic^ and composition of the hydrocarbon containing formation and on the 
require^letm content and carbon number of the pyrolyzed hydrocarbon fluids; and 
pyrolyzed hydrocarbon 



20 — fte-«ethod^f^im-64X>T~wherein~A~Ts-grea^^ 

about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have ai^verage 
carbon number lower than 25 and comprise less than about 10 % by^^^^ei^t of olefins. 

612. The method of claim 610, wherein T/s less^^r^ about 390 °C, p is greater than 
25 about 1 .4 bar, A is greater than about 44000L'^mH) k gre^CT than about 67, and a 

majority of the produced pyrolyzedl;iydrocarbon fluids have an average carbon number 
less than 25 and comprise les^^-tmn 10 % by weight of olefins. 
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613. The metliod of claim 610, wherein Tis less than about 390 °C, p is greater than 
aboLrt'^ar, A 



3unr"5?eoe7micrB"is less than about 83, and a majority of the 
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^^^ppoducad pyrolyaed hydf-acarbefi fliiiHs have m average cr^rhon niimhpr lower-than-abj; 
21. 
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614. The method of claim 610, further comprising controlling the heat suc^f that an 
average heating rate of the heated portion is less than about 3°C per day^ring 
pyrolysis. 

615. The method of claim 610, wherein providing heat fronyfie one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbor/containing formation from the 
one or more heat sources, wherein the formation hasym average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrp€arbons within the selected volume of 
the formation; and 

wherein heating energy/day providgj^to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the 

Pwr ^ h''V''C,*pB 

wherein Pwr is the heati/ng/energ^|ay, /z is an average heating rate of the 
formation, pb is formation bulk)^ensjj.^ andv^herein the heating rate is less than about 10 

°C/day. 

616. The method of oiaim 610, wherein heat is transferred substantially by conduction 
from one or more h^t sources located in one or more heat sources to the heated portion 
of the formation. 



25 617. Theynethod of claim 616, wherein the heat sources comprise heaters in which 

hydrocacDons are either injected into a heaters or released by the hydrocarbon containing 
fomi^ion adjacent to a heater by an oxidant injected into the heater in or adjacent to 
nch the combustion occurs and wherein at l east part of the produced cn mhii<;tinn cra<;p<; 
venlfn to fHtiHwr'TnTrrtTe hf^ater in which the combustion occurs. 
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from one or more heat sources to the heated portion of the formation such that the, 
thermal conductivity of at least part of the heated portion is substantially unifefrmly 
modified to a value greater than about 0.6 W/m °C and the permeabilitj^ said part 
increases substantially uniformly to a value greater than 1 Darcy. 



ru 



10 



15 



619. The method of claim 610, further comprising contmtting formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherali a partial pressure of H2 within 
the mixture flowing through the formation is great^ ;han 0.5 Bar. 

620. The method of claim 619, furtjier CQf^orising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fliifids/^^itl/^t least a portion of the produced hydrogen 
and heating the fluids with heat frgrp^iy^F&geJoation 

621 . The method of clainKmO, wherein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content measured by a Fischer assay, is produced from the heated portion 
of the formation. 



H= 20 622. The m&tnod of claim 610, wherein the substantially gaseous pyrolyzed hydrocarbon 
fluids a/e produced from a production well, the method further comprising heating a 
wel^ore of the production well to inhibit condensation of the hydrocarbon fluids within 
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reating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or moreTiearsmirees-ta-aLkasla portion of the 
formation; 

allowing the heat to transfer from the one or more heatsotirc^s-tCaselected 
section of the formation to raise an averagejemperafure within the selected section to, or 
above, a temperature that wiU-pyfoIyze hydrocarbons within the selected section; 

producing-'Smixture from the formation; and 



363 Trmkiu^se & Tayon, P C. 



controlling^a>=©igJlt^ercent^^ to be less than 

about 20 % by weight by controlling average pressure and average temperatureji 
selected section such that the average pressure-nrtKrsHecte^ is greater than the 
pressure (p) set forthin4he^Wlowing equation for an assessed average temperature (T) in 
the sel^ctetf^ction: 

p ^ ^[-57000/7^83] 

where p is measured in p'^i^ ^nd T m^asur^r] in " Kelvin. 



is 

0 

fy 
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624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is compiled to be less than about 10 % by weight, and wherein the 
equation is: 



p = e 



[-16000/7^28] 



625. The method o^Qi>etim 623 , wherein the weight percentage of olefins of the 
produced mixture is cj|ntrolled to be less than about 5 % by weight, and wherein the 
equation is: 

^[-12000/7^22] 

p ~ e 



1 he metnod of claim 623, wherein the one or more heat sources comprise atjj^^ 
two heat sources, and wherein superposition of heat from at least the twojxe^fsources 
pyrolyzes at least some hydrocarbons within the selected sectigja^Tfthe formation. 



627. The method of claim 623, wt^erein tjjp<fne or more heat sources comprise 
25 electrical heaters. 



628. The method of^pl^im 623, wherein the one or more heat sources comprise surface 
burners. 
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The method of claim 623, wherein the one or more heat sources comprise 
ietess-drslTTb'UTe'd'combusiors. ""^ 
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-63^: — The method ot claim o23, wherein the one or more heat sources comprise natural^ 
distributed combustors. 



63 1 . The method of claim 623, further comprising controlling a temperature Within at 
least a majority of the selected section of the formation, wherein the pressure/is 
controlled as a function of temperature, or the temperature is controlled function of 
pressure. 

632. The method of claim 63 1 , wherein controlling an averag/ temperature comprises 
maintaining a temperature within the selected section withiij4 pyrolysis temperature 
range. 



633. The method of claim 623, further j 
average heating rate of the selected se9tion is 
pyrolysis. 



ing controlling the heat such that an 
iss than about 3.0 °C per day during 



634, The method of claim 623yfurther comprising controlling the heat such that an 
average heating rate of the se|^ted section is less than about 1 °C per day during 
pyrolysis. 



635. The methoc^of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heatmg a selected volume (f'') of the hydrocarbon containing formation from the 
one or pwre heat sources, wherein the formation has an average heat capacity (Cv), and 
vvhej?^in the heating pyrolyzes at least some hydrocarbons within the selected volume of 
^ formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
_ fi-vvr hW-G^ 
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formation, pQ is formation bulk density, and wherein the heating rate is less than abouyiO 
°C/day. 

5 636. The method of claim 623, wherein allowing the heat to transfer compri^^s 
transferring heat substantially by conduction. 

637. The method of claim 623, wherein providing heat from the one A more heat 
sources comprises heating the selected formation such that a thermal/conductivity of at 

10 least a portion of the selected section is greater than about 0.5 W/^m °C). 

638. The method of claim 623, wherein the produced mboure comprises condensable 
hydrocarbons having an API gravity of at least abojit 2S . 



4» 

W 15 639. The method of claim 623, wherein tKe prpd^cfed mixture comprises condensable 

i / II 

s hydrocarbons, and wherein about 0.1 % by weightrto about 15 % by weight of the 



condensable hydrocarbons are olefins. 



640. The method of claim 623, wherein the produced mixture comprises non- 
^ 20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



641 . The method ofclaim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hrorocarbons ranges from about 0.001 to about 0.15. 

642y/The method of claim 623, wherein the produced mixture comprises condensable 
h^rocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
^_basiSr^the-eendensable-hydrocaTbons-i^-mt^ 
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^645^ — Ib^ ^crirod - of claim 623, wherein the produced . miiXture -eefiTprTses condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atoiplc 
basis, of the condensable hydrocarbons is oxygen. 



644. The method of claim 623, wherein the produced mixture comprises ozmdensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculation an atomic 
basis, of the condensable hydrocarbons is sulfur. 



645. The method of claim 623, wherein the produced mixtureycbmprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % bVvveight of the condensable 

hydrocarbons comprise oxygen containing compounds, a^a wherein the oxygen 
containing compounds comprise phenols. 

646. The method of claim 623, wherein^jhe-pij^fluced mixture comprises condensable 
15 hydrocarbons, and wherein greater thaj/abouty^O/% by weight of the condensable 

hydrocarbons are aromatic compour 

647. The method of claim 623, ^hereyi the pT'edtieetrmixture comprises condensable 
hydrocarbons, and wherein less tKan about 5 % by weight of the condensable 

20 hydrocarbons comprises multi^ring aromatics with more than two rings. 



25 



648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are/aspha1tenes. 

649. Th^method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



650. The method of claim 623, wherein the produced mixture comprises a non- 
condens 



3ifl-the"TLon-condensable component comprises hydrogen. 
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S4iGg&i.n the hydrogen is-grcatcr thtm-abuul 10 % by vulmiio uf Llit iiuii-cuiraensaDie 
component, and wherein the hydrogen is less than about 80 % by volume of the noj; 
condensable component. 



65 1 . The method of claim 623, wherein the produced mixture comprise^4™Tioriia, and 
wherein greater than about 0.05 % by weight of the produced mixture is/ammonia. 

652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

653. The method of claim 623, further comprising cony6lling formation conditions to 
produce a mixture of condensable hydrocarbons and wherein a partial pressure of H2 
within the mixture is greater than about 0.5 

654. The method of claim 623, wher^n tlji/pjfrtial pressure of H2 is measured when the 
mixture is at a production well. 

655. The method of claim 623, fWfher comprising altering a pressure within the 
formation to inhibit production o^ydrocarbons from the formation having carbon 
numbers greater than about 25/ 

656. The method of daim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



657. The memod of claim 623, further comprising: 

provfding hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within ttfe section; and 



hrnnnE^n porrion of th^^-'^^^^iTmrwiTh h^ar rr^m hydrogenation. 
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condensable hydrocarbons, the method fiirther comprising hydrogenating a portion of ih4 
produced condensable hydrocarbons with at least a portion of the produced hydrogerr 

659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater thap about 100 
millidarcy, / 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority aPihe selected section. 

661 . The method of claim 623, further comprising contr^ling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons; as measured by the Fischer 
Assay. / 

662. The method of claim 623, wherein prodjicing the mixture comprises producing 
the mixture in a production well, and whereip at least about 7 heat sources are disposed in 
the formation for each production well. / 



663. The method of claim 62y, funher comprising providing heat from three or more 
heat sources to at least a portioi\^4heTi5>mation, wherein three or more of the heat 
sources are located in the forn^tion in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangjilar pattern. 

664. The method efi claim 623, further comprising providing heat from three or more 
heat sources to a^ast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources corafprises a triangular pattern, and wherein a plurality of the units are repeated 
over an^ea .QiltheJEQ.miaii oji to fornLajrepetitiYe ^^tterTraflimts: ^ 

66^1 — A method of treating a hydrocarbon containing formation in situ, comp min gj ^-^ ^ 
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10 



15 



20 



25 



^ f-imO/T - 25J 



fet>l 



prmArrfmo J^eat frnrnpne or mo reJiga<^ ^oiircf^^^o^atjen^t a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to as^ktfted 
section of the formation to raise an average temperature within the^et^ted section to, or 
above, a temperature that will pyrolyze hydrocarbons withip^tKe selected section; 
producing a mixture from the formation; ar 
controlling hydrocarbons having^parSon numbers greater than 25 of the produced 
mixture to be less than about 25><r% weight by controlling average pressure and average 
temperature in the select^d^ction such that the average pressure in the selected section 
is greater than thepf^sure (p) set forth in the following equation for an assessed average 
temperatu)::©^/) in the selected section: 

p = 

where p is measured in psia and T is measufSt 

666. Th e method of claim 662, - where i n the lij^diULaibuiis liavhig taib o ii ii umbej;8 
greater than 25 of the produced mixture is controlled to be less than about lO^iHoy 
weight, and wherein the equation is: 

p = ^[-16000/7^28]^ 

661, The method of claim 662, wherein the hydrocarbprfs having carbon numbers 
greater than 25 of the produced mixture is controlle^kfo be less than about 15 % by 
weight, and wherein the equation is: 

p ^ ^18000/1+52] 

668. The method of claim 66z, wherein the one or more heat sources comprise at least 
two heat sources, and wh^ein superposition of heat from at least the two heat sources 
pyrolyzes at least^<Jme hydrocarbons within the selected section of the formation. 




30 669. ]?Ke method of claim 662, wherein the one or more heat sources comprise 
ei ec f fri cal he atecs^ . 
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burners. 



671. The method of claim 662, wherein the one or more heat source^omprise 
flameless distributed combustors. 



672, The method of claim 662, wherein the onej 
distributed combustors. 



lore heat sources comprise natural 



673. The method of claim 66^2f^rther comprising controlling a temperature within at 
least a majority of thg^^etected section of the formation, wherein the pressure is 
controlled ^s^^^nction of temperature, or the temperature is controlled as a function of 



67^ The method of claim 673, wherein conti2llingJhe40mp€r-afefe-cemprTse^ 
maintammg a tempemture-wTtRiirthe selected section within a pyrolysis temperature 
range. 




675. f he - method of etet m 662, further comprising oont rcytttrTg"the heat such thar 
average heating rate of the selected section is less than about 1 °C per day^tirthg 
pyrolysis. 



676. The method of claim 662, wherein providingjje^t from the one or more heat 
sources to at least the portion of formation cor 

heating a selected volume (V) oLtfle hydrocarbon containing formation from the 
one or more heat sources, whereip^tfie formation has an average heat capacity (Cv), and 
wherein the heating pyroly^p^t least some hydrocarbons within the selected volume of 
the formation; and 

wherein bating energy/day provided to the volume is equal to or less than Pwf\ 
wherein Pxvf/is calculated by the equation: 
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formation, pg is formation bulk density, and wherein the heating rate is less thaA about 10 
TVday. / 

677. The method of claim 662, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

678. The method of claim 662, wherein providing heat fro^i the one or more heat 
sources comprises heating the selected section such that a ^ermal conductivity of at least 
a portion of the selected section is greater than about OSW/(m °C). 

679. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

680. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

68 1 . The method of claim 662, ymerein the produced mixture comprises non- 
condensable hydrocarbons, and 3<vherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rmgQs from about 0.001 to about 0.15. 

682. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conden&gfole hydrocarbons is nitrogen. 

683. The nwiod of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
b,asi» , u f die Lund oi iDable hydro c arboas io oxygon . 
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684. The iii t LlKja uf ^»laiia ^2, vvliciciii ' thc - producGd - ttiiKturc c u mpiis c s cuiid^ Ji iSdb k 
hydrocarbons, and wherein less than about I % by weight, when calculated on an ap<miic 
basis, of the condensable hydrocarbons is sulfur. 

685. The method of claim 662, wherein the produced mixture compn^s condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wher^n the oxygen 
containing compounds comprise phenols. 



10 686. The method of claim 662, wherein the produced mxture comprises condensable 
hydrocarbons, and wherein greater than about 20 % byAveight of the condensable 



'-^ hydrocarbons are aromatic compounds. 

f. 

^Z, 6^7. The method of claim 662, wherein the/roduced mixture comprises condensable 

W 15 hydrocarbons, and wherein less than about /% by weight of the condensable 
hydrocarbons comprises multi-ring arorn/tics with more than two rings. 



25 



688. The method of claim 662, \^erein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 0.3 % by weight of the condensable 



M 20 hydrocarbons are asphaltenes^ 

689. The method of claam 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wl^rein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



690. The moxhod of claim 662, wherein the produced mixture comprises a non- 
condensabloxomponent, wherein the non-condensable component comprises hydrogen, 
wherein die hydrogen is greater than about 10 % by volume of the non-condensable 
companent, and wherein the hydrogen is less than about 80 % by volume of the non- 
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wherein greater than about 0.05 % by weight of the produced mixture is ammoniaV^ 

692. The method of claim 662, wherein the produced mixture compriseyfmmonia, and 
wherein the ammonia is used to produce fertilizer. / 

693. The method of claim 662, further comprising controlling^rmation conditions to 
produce a mixture of condensable hydrocarbons and H2, whec^n a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

694. The method of claim 662, wherein the partiaL^ressure of H2 is measured when the 
mixture is at a production well. / 

695. The method of claim 662, further comprising altering a pressure within the 
formation to inhibit production of hydrocarpons from the formation having carbon 
numbers greater than about 25. / 

696. The method of claim 662, fisher coniprising: 

providing hydrogen (H2)yro the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of^me section with heat from hydrogenation. 

697. The method ofixlaim 662, wherein the produced mixture comprises hydrogen and 
condensable hydro^rbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. Xl^e method of claim 662, wherein allowing the heat to transfer comprises 
incr^ing a permeability of a majority of the selected section to greater than about 100 
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699. Th e method of olaiui 662, wltcieiii alluvviiig iliu licdl tcH faftsfer compriseg 
substantially uniformly increasing a permeability of a majority of the selected/section. 



700. The method of claim 662, further comprising controlling the hpai to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

701 . The method of claim 662, wherein producing thymixture comprises producing 
the mixture in a production well, and wherein at lea^^^bout 7 heat sources are disposed in 
the formation for each production well. 



w 



4z 



o 



702. The method of claim 662, further cmnprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formatiMnn a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular^ttem. 

703. The method of^im 662, further comprising providing heat from three or more 
heat sources to at l^st a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources;s<?mprises a triangular pattern, and wherein a plurality of the units are repeated 
0^ ^^ Qrrarca of the fornt aherHe^HH-a-Fepetitlve-pat^^m^^ 




704^ AlnHEoTortreafirTg"^ii^^ situ, comprising: 

providing heat from one or more heat sources to at least a portion of 1 
25 formation; 

allowing the heat to transfer from the ong..ontiore heat sources to a selected 
section of the formation to raise an^yerSge temperature within the selected section to, or 
above, a temperature thapvrtlpyrolyze hydrocarbons within the selected section; 
producmg-d^ixture from the formation; and 

trolling an atomic hydrogen to carbon ratio of the produced mixture to be 
Lbmit-iT7i?yTmTtrotHn"^^erag^ in the 
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4;glpxJe£j_^pciiQa-^ch that t he averag g^fiFessnre in the selected' section isgreaterjhan the 
pressure (p) set forth in the following egjaattoTTforan assessed average temperature (7) in 
the selected section: 




p = ^[-38000/7-61] 



p mp;^<;i]rpH in p<;ia and Tis measu red in ' Kelvin. 



705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of me" 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

p ^ ^[-13000/7-24]^ 



706. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.9, and wherein the equation is: 



p = e 



[-8000/r^ 18] 



70?: — •^Fhe- mcthod of " clQim " 70 4rwhereffl4h^ nnmor e,, he a t s oi i r Ges-ooffi^^r^t-fea 
two heat sources, and wherein superposition of heat from at least the two heat so^Fdes 
pyrolyzes at least some hydrocarbons within the selected section of the forjumion. 

708. The method of claim 704, wherein the onp-^more h^at^urces comprise 
electrical heaters. 



709. The method of claim 704, whergifnhe^e or 
burners. 



leat sources comprise surface 



710. The method of^laim 704, wherein the one or more heat sources comprise 
flameless distriiJuted combustors. 



method of claim 704, wherein the one or more heat sources comprise natural 
i^fSrsI ^ — ^ 
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le itieLliodT > f claim 704. fur ther comprisfng conirattm g a tcmpci ' a t unL with i a y a t 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a fun^on of 
pressure. 

713, The method of claim 712, wherein controlling the temperature emprises 
maintaining a temperature within the selected section within a pyrol^^is temperature 
range. 

714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is less than ^ut 1 °C per day during 
pyrolysis. 



715. The method of claim 704, wherei/pro\4a^ heat from the one or more heat 
sources to at least the portion of format/on craraprkes: 



heating a selected volume (P") on<^ehydrocarbon containing formation from the 
one or more heat sources, wherein tlWTormation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at l^st some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pur is calculated by the equation: 

Pwr = h'^V'^CC'^pB 

wherein Pyvr is the heating energy/day, his an average heating rate of the 
formation, ps js Formation bulk density, and wherein the heating rate is less than about 1 0 

T/dav. 



The method of claim 704, wherein allowing the heat to transfer comprises 
liiig'lYeat substantiaHyby conduction. 
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. — Vrh. — The meth"o"d of claim 704, wherein providing heal fiuui llie uiie ui luuie liekl 7 
sources comprises heating the selected section such that a thermal conductivity of a^/feast 
a portion of the selected section is greater than about 0.5 W/(m °C). / 

718. The method of claim 704, v^herein the produced mixture comprises/ondensable 
hydrocarbons having an API gravity of at least about 25°. / 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 ^by weight of the 
condensable hydrocarbons are olefins. / 

720. The method of claim 704, wherein the produced/mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 %/by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefijasn^ 

72 1 . The method of claim 704, wherein the pr^uced mixture comprises non- 
condensable hydrocarbons, and whereina'TOplar ratiS"'Crethene to ethane in the non- 
condensable hydrocarbons ranges froni about 0.001 to about 0.15. 

722. The method of claim 704; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le^ than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Imirocarbons is nitrogen. 

723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cooflensable hydrocarbons is oxygen. 

724. TJj^e method of claim 704, wherein the produced mixture comprises condensable 
hydra^rbons, and wherein less than about 1 % by weight, when calculated on an atomic 
ba^'^^of^hgXQ^ hydroca r bon s-TS-strffcrr — ' 
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■ The luelli u d uf Cl alui 704, wher^ein th e produced aiixime cuinprises (Condensable 



hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensate 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the produced mixture compria^ condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the^ndensable 
hydrocarbons are aromatic compounds. 

727. The method of claim 704, wherein the produced mb^VQ comprises condensable 
hydrocarbons, and wherein less than about 5 % by weig^of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



728. The method of claim 704, wherein the jn-odjiiced mixture comprises condensable 
hydrocarbons, and wherein less than ab^ut^S Vj/py weight of the condensable 
hydrocarbons are asphaltenes. 



729. The method of claim 704, vmerein the produced mixture comprises condensable 
hydrocarbons, and wherein abojm 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ai?e cycloalkanes. 

730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensabloxomponent. 



73 1 .X The method of claim 704, wherein the produced mixture comprises ammonia, and 
lejid a - greater than about 0.05 % by - w^oight of the produced mixture io ammon ia. 
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^ } ThP rnMllinH aP fl^my^OOJ. , whprpin the prnriiicpH mixti|rp rnirtf 

wherein the ammonia is used to produce fertilizer. 



anc 



733. The method of claim 704, further comprising controlling formation cpnditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a parti^i^ressure of H2 
within the mixture is greater than about 0.5 bar. 

734. The method of claim 704, wherein the partial pressu^^f H2 is measured when the 
mixture is at a production well. 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / // 

736. The method of claim 704, \Wer^coW conditions comprises 
recirculating a portion of hydros^ from the mixture into the formation. 

737. The method of claiin 704, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; anef 

heating a jwtion of the section with heat from hydrogenation. 

738. The nrethod of claim 704, wherein the produced mixture comprises hydrogen and 
condensahl4 hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



73j^. The method of claim 704, wherein allowing the heat to transfer comprises 
ilicreasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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^-"f^. rh^'method of claim /U4, wherein allowing thetTcai LU LiaiisfCi COiupirs 
substantially uniformly increasing a permeability of a majority of the selected sect 



741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measureji^y the Fischer 
Assay. 



10 



742. The method of claim 704, wherein producing th^^ixture comprises producing 
the mixture in a production well, and wher^ atjle^^about 7 heat sources are disposed in 
the formation for each production well. 



n i 

a 



743. The method of claim 704, furJifbF^mprising providing heat from three or more 
heat sources to at least a portion^ the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

15 sources comprises a triapfgular pattern. 

744. The me^d of claim 704, further comprising providing heat from three or more 
heat sourceg^o at least a portion of the formation, wherein three or more of the heat 
sources/are located in the formation in a unit of heat sources, wherein the unit of heat 

20 soLK^es comprises a triangular pattern, and wherein a plurality of the units are repeated 

arpa nf tViP fnrmatinn tn frti j.cliiMM' n'll riinUM - 



T^. — A-m ethod of treating a hydrocarbon c u iUdiiiiiig tbrmaTionTn sitUj^G<Jmprising: 
providing heat from one or more heat sources to at lea^t-ofie portion of the 
25 formation; 

allowing the heat to t^^sfer lfrorn,.th€^ne or more heat sources to a selected 
section of the formation; 

controlling a pre^stfrKlenip^r^re relationship within at least the selected section 
of the formation>5^elected energy input into the one or more heat sources and by 
30 pressure^pdease from the selected section through wellbores of the one or more heat 
arces; and 
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producing a mixture from the formation. / 

746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

747. The method of claim 745, wherein the oAe or more heat sources comprise at least 
two heat sources. - / 

748. The method of claim -745, wherein the one or more heat sources comprise surface 
burners. / 

749. The method of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

750. The method of claim 745, wl/erein the one or more heat sources comprise natural 
distributed combustors. / 

75 1 . The method of claim J further comprising controlling the pressure-temperature 
relationship by controlling a/rate /of removal of fluid from the formation. 

752. The method of clairi/745fmrther comprising controlling the heat such that an 
average heating rate of tho'^ selected section is less than about 1 °C per day during 
pyrolysis. / 

753. The method ok claim 745, wherein providing heat from the one or more heat 
sources to at least tfcfe portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more hea/ sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation^ and 
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wherein heating energy/day provided to the volijme is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr ^ h^V'C^pB 

wherein Pwr is the heating energy/day, h is dn average heating rate of the 
formation, ps is formation bulk density, and where/n the heating rate is less than about 10 
T/day. 

754. The method of claim 745, wherein allo^t^ing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected sec/ion such that a thermal conductivity of at least 
a portion of the selected section is greateythan about 0.5 W/(m °C). 

756. The method of claim 745, v/h^frkih the produced mixture comprises condensable 



hydrocarbons having an API gravyfy of at 



least about 25°. 



757. The method of claim 745,Wherein th^/fJroduced mixture comprises condensable 
hydrocarbons, and wherein abouty0^t-%^ weight to about 15 % by weight of the 
condensable hydrocarbons are olrefms. 

758. The method of claim 145, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to .about 0.15. 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogefn. 

761 . The method of claim 745, wherein the pjfoduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 vJhy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745, wherein tWe produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsissulfur. 

763. The method of claim 745, wherein tne produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bfy weigMt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen conWming corrmounds, and wherein the oxygen 
containing compounds comprise phcn^hr^"^^ 

764. The method of claim 745, /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grea/er than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

765. The method of claim ^45, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about 5 % by weight of the condensable 
hydrocarbons comprises m/ilti-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphiltenes. 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ajoout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

768. The method of claim 745, wherein the prod^uced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %py volume of the non-condensable 
component, and wherein the hydrogen is less th^ about 80 % by volume of the non- 
condensable component. 



769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



770. The method of claim 745, whei 
wherein the ammonia is used to produ 



le produced mixture comprises ammonia, and 
zfrtilizer. 



771 . The method of claim 745, fupher comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

772. The method of claim 745,, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixture is greater than aoout 0.5 bar, 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



774. T4i o mpthnH nf nhim 7^ > -^ u;1iH i pi i> l lit^ - jm r I ImI j ir Hk« wf^-4:t £U2 rne n snr H wh e p^ P- 

mlMtute is HI a piuduLliuu well. 
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775. The method of claim 745, further comprising ahering a pressure within the 
formation to inhibit production of hydrocarbons from the/formation having carbon 
numbers greater than about 25. / 

776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

777. The method of claim 745, further comnrising: 

providing hydrogen (H2) to the heatea section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

778. The method of claim 745, whecein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the mejhoa further comprising hydrogenating a portion of the 
produced condensable hydrocarjoon^ with at least a portion of the produced hydrogen. 



779. The method of claim 7ft5ywhereip^lowing the heat to transfer comprises 
increasing a permeability of a n^Jority of the selected section to greater than about 100 
millidarcy. / 

780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section, 

78 1 . The method of c/aim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

782. The methoo of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the fomiation fo/r each production well. 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the fornmtion, wherein three or more of the heat 
sources are located in the formation in a ^nxX pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of th^lTlotmdfion, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fojm a repetitive pattern of units. 



- — A liielli u d uf Ucdtiug a hydrocarbon containing formation in citUi compriCT j 
heating a selected volume (F) of the hydrocarbon containing formation, wherei 
formation has an average heat capacity (C.), and wherein the heating pyrptyzes at least 
15 some hydrocarbons within the selected volume of the formation; anp 

wherein heating energy/day provided to the volume is^pc^ual to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h^V'^Cv^pB 

wherein Pwr is the heating energy/day kn av^age heating rate of the formation, 
20 Pb is formation bulk density, and wherekl(tWheatmg rate is less than about 10 °C/day. 



786. The method of clain>^5, wherein heating a selected volume comprises heating 
with an electrical heat^ 

25 787. The fffethod of claim 785, wherein heating a selected volume comprises heating 
with a siinace burner. 



30 



^88. The method of claim 785, wherein heating a selected volume comprises heating 
^wjth a flameless distribute^ rr^|phii<:tnr , 



\ 
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